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© Process for forming metal oxide powders from the metal alkoxide. 

© Metal oxide powders, which are chemically uniform and free-flowing, can be formed by dissolving a metal 
alkoxide in a non-polar organic solvent, adding water to the resulting composition and then emulsifying the blend 
of water and solvent containing the alkoxide to cause hydrolysis of the alkoxide. The hydrolysis reaction forms 
the desired metal oxide as a precipitate which can be recovered by a simple filtration process. 
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PROCESS FOR FORMING METAL OXIDE POWDERS FROM THE METAL ALKOXIDE 

BACKGROUND OF THE INVENTION 

The present invention relates to the formation of metal oxides, useful in ceramic applications, from the 
corresponding metal alkoxide by a hydrolysis reaction. 
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Description of the Prior Art 

It is known to form metal oxide powders from the inorganic metal salts by forming an aqueous solution 
70 containing the inorganic metal salt and adding it to an emulsion comprising a non-polar organic solvent, 
such as toluene, an emulsifier and an amine precipitating base. (See M. Akinc et aL. "Preparation of Yttria 
Powders by Emulsion Precipitation", Advances in Ceramics, Vol. 21: Ceramic Powder Science, pp. 57-67 
(1987)). Due to the differences in the densities of the differing salts, differential settling may occur prior to 
precipitation thereby giving rise of inhomogeneity. 
75 Another general technique which is known to the art involves dissolving a metal alkoxide in a polar 
organic solvent, e.g.. an alcohol, and adding water to cause hydrolysis of the alkoxide to the desired metal 
oxide. This approach is shown in European Patent Publication Nos. 177,198 and 263,544. Generally 
speaking, such a technique will yield a metal oxide product in particulate form having poor flow and low 
density. Such a product is not very suitable. for certain ceramics applications, e.g., as a material intended 
20 for use as a plasma spray coating. Because of the rapid contact between water and alkoxide, agglomeration 
of the product may occur, breaking down to a highly porous fines. 

It is also known to form aerosol gels by hydrolyzing metal alkoxides dissolved in volatile solvents (a 
mixture of polar and non-polar solvents) using water (see French Patent Publication No. 2,050.725). This 
technique uses autoclaving, an energy intensive process, to separate the product. 
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SUMMARY OF THE PRESENT INVENTION 

The present invention relates to a novel process for forming metal oxide powders from the correspond- 
30 ing metal alkoxide. It comprises first dissolving the alkoxide in a non-polar organic solvent followed by 
addition of stoichiometric amounts of water and the formation of an emulsion. The water brings about 
hydrolysis of the metal alkoxide forming a metal oxide precipitate that can be recovered from the liquid 
(organic solvent) medium. 
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DETAILED DESCRIPTION OF THE PRESENT INVENTION 



The instant process is broadly applicable to formation of metal oxide powders having better flow and 
high density than achievable with the type of process in which a metal alkoxide is hydrolyzed in a polar 

40 organic solvent. The alkoxides which can be treated in accordance with the instant process include those ^of 
the transition metals of Groups IB-VIIB and VIII of the Periodic Table as well as the metals of Groups MA 
and 1IIA. Representative examples include the alkoxides of zirconium, yttrium, aluminum, titanium, magne- 
sium, cerium, calcium, strontium, barium, silicon, and mixtures thereof. 

The selected alkoxide is dissolved in a non-polar organic solvent such as an aromatic or aliphatic 

45 hydrocarbon solvents which are immiscible with water. Representative solvents include toluene, benzene, 
hexane, cyclohexane, heptane, and mixtures thereof. The purpose in selecting a non-polar, rather than 
polar, organic solvent for use in the instant invention is to retard the rate of reaction between the alkoxide 
and water to thereby aid in formation of particles having a higher bulk density and better flow characteris- 
tics. The instant procedure yields more spherical and less porous particles due to the absence of a polar 

so solvent which would tend to yield a more gel-like product if used to dissolve the alkoxide reagent for later 
hydrolysis with water. 

After formation of the solution of non-polar organic solvent and metal alkoxide. the desired hydrolysis 
reaction is initiated by the addition of controlled amounts of water and formation of an emulsion. The 
emulsion can be formed by either subjecting the blend of solvent/alkoxide and water to suitable agitation, 
by using ultrasonic vibrations, or by addition of a non-ionic surfactant. 
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The hydrolysis reaction in the instant process, because of the hydrophobic character of the type of 
organic solvent selected does not proceed as quickly as it would if a polar, rather than non-polar, organic 
solvent were used. It gives a simple, low temperature approach to forming the desired metal powder 
product. The instant process enables the use of generally high reaction concentrations and gives high 
yields to the desired product The product is'easily separated by filtration. 

The invention is further illustrated by the Examples which follow. 



EXAMPLE 1 
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Into a 12 liter, round-bottom flask 2456 g of zirconium n-propoxide solution in n-propanol (73.6 wt %) 
were added to 655 g of yttrium isopropoxide solution in toluene (21.3 wt %). The mixture was refluxed 
under nitrogen atmosphere for two hours. Then, 850 g of n-propanol was distilled off. The mixture was 
cooled down to room temperature. 

To the mixture described above was then added 5 liters of toluene for blending with the zirconium and 
yttrium alkoxides. Water (426 ml) was then added, and the mixture was stirred vigorously for five minutes. A 
gelatinous semi-transparent precipitate formed. It was removed by filtration and washed with an equivalent 
volume of toluene. The solid product was dried at 125* C for three hours, and was heated at 200 C for two 
hours at 425" C for two hours, and at 800* C for three hours. The product was classified by sieving to give 
the fraction smaller than 140 mesh (0.105 mm) and larger than 325 mesh (0.044 mm). The properties of the 
powder are as follows: 
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Median Particle Size: 

Unpacked Bulk Density: 

Flow Rate (ASTM B213-48 [1970]) 

Crystalline Phase: 

Surface Area: 

Wt % of Y 2 0 3 



75 microns 
1 .07 g/cc 
1.42 cc/s 
Cubic 
37 m 2 /g 
8 
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The yield of powder before classification was 720 g. a 97.4% recovery. The yield of the classified 
desired product was 70% recovery. Thermogravimetric analysis of the calcined product showed a substan- 
tially constant weight up to 1000*C, indicating substantial purity for the material and the substantial 
absence of organic volatile matter. Scanning electron microscopy showed that the particles were composed 
of uniform grains of 0.2-0.3 micron size with clear and smooth grain boundaries. This is indicative of good 
densification at the relatively low temperature of 800* C. Such high densification is needed for plasma 
spraying coating applications. This powder was successfully applied as a coating (having 10-15% porosity 
by microscopic examination) using a plasma spraying technique. 



EXAMPLE 2 



This Example is similar to Example 1 except that the final product was calcined further to 1100 
held at this temperature for three hours. The properties of the product after classification were: 



Median Particle Size: 


75 microns 


Unpacked Bulk Density: 


1.79 g/cc 


Flow Rate: 


1 .42 cc/s 


Crystalline Phase: 


Cubic 


Surface Area: 


3.4 m 2 /g 


Wt % of Y 2 0 3 


8 



Examination of the microstructure of the product by scanning electron microscope showed that 
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powder maintained the 0.2-0.3 micron grain size described for the product in Example 1. When the powder 
was further calcined to 1600 "C, the grain size increased to 1-2 microns. The grain boundaries of both the. 
1100* C and 1600* C sintered powders showed no porosity indicating good I densification upon sintering.. 

COMPARATIVE EXAMPLE 3 

This Example shows that if the process described in Example 1 is used with n-propanol solvent instead 
of toluene, the filtered product, after calcination at 800 # C, will have poor flow and low density. The 
properties of the resulting product were: 



Median Particle Size: 


22 microns 


Unpacked Bulk Density: 


0.67 g/cc 


Flow Rate: 


0.1 cc/s 


Crystalline Phase: 


Cubic 



COMPARATIVE EXAMPLE 4 



2S This Example illustrates that if the process described in Example 1 is used with n-propanol solvent 
instead of toluene and the filtered product is spray dried, the resulting product, after calcination at 800* C, 
will still have poor flow and low density. The properties of the powder are as follows: 



Median Particle Size: 


22 microns 


Unpacked Bulk Density: 


0.76 g/cc 


Flow Rate: 


0.1 cc/s 


Crystalline Phase: 


Cubic 
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EXAMPLE 5 

40 

This Example was performed as in Example 1, except that 750 cc of acetic acid was added to the 
distilled toluene solution of both the zirconium and yttrium alkoxides. The yield of the desired classified 
powder product with a median particle size of 75 microns increased to 74% recovery as compared to 70% 
recovery in Example 1. The unpacked bulk density was 1.75 g/cc instead of 1.07 g/cc as in Example 1. This 
45 was indicative of high densification. 



EXAMPLE 6 



This Example is similar to Example 1 , except that the water added was emulsified in 2000 cc toluene, 
using 2 g of polysorbate 20 polyoxyethylene 20 sorbitan monolaurate (TWEEN 20 brand) and 2 g of the 
sodium salt of polymeric 2-methyl-2-propenoic acid (DAXAD 30 brand) as emulsifying agents. After 
sonification for thirty seconds, the water emulsion was a milky white, stable viscous liquid composed of fine 
65 water particles in toluene. The formed -gel was filtered, washed and dried at 125°C for three tours to give a 
free flowing powder. After calcination to 800 *^C as in Example 1, the bulk density was 1 g/cc and the flow 
rate was 0.7 cc/s. Further calcination to 1100* C gave a classified powder with a density of 1.24 g/cc, a flow 
rate of 1 A cc/s, and a mean particle size of 90 microns suitable for plasma spraying. 

4 
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EXAMPLE 7 

This Example is similar to Example 1. except that the product was zirconia toughened alumina (referred 
5 to as "ZTA" hereinafter). Aluminum sec-butoxide (386,5 g) was mixed with 68.3 g of zirconium n-butoxide 
and 16.3 g of yttrium isopropoxide and al! were dissolved in 3000 cc of toluene. The solution was mixed in 
a five liter round-bottom flask under nitrogen gas flow. A milky water emulsion was made from ul- 
trasonification for ten seconds of 96 cc of distilled water. 1 g of polysorbate 20 polyoxyethylene 20 sorbitan 
monolaurate (TWEEN 20 brand) emulsifying agent, and 100 cc of toluene. The water emulsion was added 
70 to the alkoxide solution while stirring vigorously for two minutes. The hazy mixture was left overnight, then 
filtered washed with an equal volume of toluene, and dried at 110*C. The powder was heated to 600 C. 
stepwise: at 200 ' C for two hours; to 400 " C in two hours; at 400 ' C for two hours; to 600 C in two hours; 
and, finally, held at 600 # C for three hours. The calcined powder had a bulk density of D.16 g/cc. The mean 
particle size was 23 microns which is suitable for advanced ceramic materials. 

75 

EXAMPLE 8 



This Example is similar to Example 7 except that only aluminum sec-butoxide was hydrolyzed. The 
density of the final calcined product was 0.15 g/cc. The mean particle size was 20 microns. This alumina 
powder is useful as an advanced ceramic material. 



25 Claims 

1 A process for forming metal oxide powders which comprises dissolving a metal alkoxide in a non- 
polar organic solvent, adding water and then emulsifying the blend of water and non-polar organic solvent 
containing the metal alkoxide dissolved therein to cause hydrolysis of the alkoxide with formation of the 
so metal oxide as a precipitate, and recovering the metal oxide precipitate. 

2. A process as claimed in Claim 1 wherein a carboxylic acid is added to the solvent containing the 

metal alkoxide. . 

3. A process as Claimed in Claim 1 wherein a surfactant agent is present in the blend of water and 

solvent. 

35 4. A process as claimed in Claim 1 wherein the metal alkoxide is a mixture of the alkoxides of zirconium 

and y tt ^ ocess as c|aimed jn Clajrn 4 wherein the metal alkoxide ratio for zirconium is from 60-98% wt as 
expressed as-Zr0 2l and for yttrium is from 40-2%. as expressed as Y 2 0 3 . 

6. A process as claimed in Claim 1 wherein the metal alkoxide is a mixture of the alkoxides of 
40 aluminum, zirconium and yttrium. . ^ ^ noo/ . 

7 A process as claimed in Claim 6 wherein the metal alkoxide ratio for aluminum is about 60-98 /o wt. 
expressed as Al 2 0 3 , for zirconium is about 40-2% wt. expressed as Zr0 2 , and for yttrium is about 10-0.2%. 
expressed as Y 2 O a . 
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© Process for forming metal oxide powders from the metal alkoxide. 

© Metal oxide powders, which are chemically uni- 
form and free-flowing, can be formed by dissolving a 
metal alkoxide in a non-polar organic solvent, adding 
water to the resulting composition and then emul- 
sifying the blend of water and solvent containing the 
alkoxide to cause hydrolysis of the alkoxide. The 
hydrolysis reaction forms the desired metal oxide as 
a precipitate which can be recovered by a simple 
filtration process. 
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